The aim of the study was to compare three types of meat snacks made from ostrich, beef, and chicken meat in relation to their nutrients content including fat, fatty acids, heme iron, and peptides, like anserine and carnosine, from which human health may potentially benefit. Dry meat samples were produced, from one type of muscle, obtained from ostrich (m. ambiens), beef (m. semimembranosus), and broiler chicken meat (m. pectoralis major). The composition of dried ostrich, beef, and chicken meat, with and without spices was compared. We show that meat snacks made from ostrich, beef, and chicken meat were characterized by high concentration of nutrients including proteins, minerals (heme iron especially in ostrich, than in beef), biologically active peptides (carnosine-in beef, anserine-in ostrich then in chicken meat). The, beneficial to human health, n-3 fatty acids levels differed significantly between species. Moreover, ostrich jerky contained four times less fat as compared to beef and half of that in chicken. In conclusion we can say that dried ostrich, beef, and chicken meat could be a good source of nutritional components.
Introduction
In the last decade, consumer's interest in snack food products made of dried meats has been growing. This trend has been encouraged by the recommendations made by dietitians to ingest increased amounts of proteins while reducing levels of carbohydrates in meals [1] . Due to the acceleration of lifestyle, particularly observed in Western societies, the demand for easy to prepare and
Materials and Methods

Preparation of the Dry Meat Samples
Dry meat samples were produced according to the sampling protocol described by reference [20] , from one type of muscle, obtained from nine individuals per each species: Ostrich (m. ambiens), beef (m. semimembranosus), and broiler chicken meat (m. pectoralis major). Meat, trimmed of all visible connective tissue, was submerged in brine for 48 h. The brine was composed of 2% NaCl, 0.5% NaNO 2 , 0.5% cayenne pepper extract, and 97% of water.
Samples within the species were assigned into three treatment groups: Control (NO: natural ostrich, NB: natural beef and NCh: natural chicken) to which no additives were added; salted (SO: salted ostrich, SB: salted beef, SCh: salted chicken) with 5% of sea salt in flakes; and spices (SpO: spicy ostrich, SpB: spicy beef, SpCh: spicy chicken) with 14% of dried tomatoes and 1% of each pepper: Black, red, green, and white. Spices were added after dripping off excess brine. Thereafter, each meat sample was divided equally into three parts, each part cut into 6-7 mm thick slices, perpendicular to the muscle fibers, providing nine samples in each treatment group. The spiced treatment meat slices were surrounded by dry spices. Each meat part was placed on dryer shelves and dried for 17 h at 50 • C under forced air (average flow velocity 2.5 ± 0.5 m/s). The meat was then cooled for 2 h to 20 • C in dry air. Dried meat slices were packed into 50 g bags, with a separate bag for each of the three samples from each species and treatment and stored in an anaerobic atmosphere. The whole described procedure was repeated in three replicates using different individuals in each of them. Authors of current work developed and patented previously the preparation method of a homogeneous dried meat jerky commercial product [16] . Based on that experience it was known that between samples variability of the key dried meat characteristics was low (coefficient of variation below 5%), which justifies the sample size of three individuals and three replications, giving in total sample size n = 9 in each treatment group in current study.
Chemical Composition of the Meat Samples
Prior to analysis, the pieces of dried meat were thoroughly ground. Meat samples were analyzed for dry matter, crude protein, and crude fat contents according to the relevant ISO 1442-1973, ISO 937-1978, and ISO 1444-1973 methods, respectively. The meat sample of 200 g was homogenised using mechanical homogeniser T18 Ultra-Turrax (IKA ® Works Inc., Cincinnati, OH, USA) which included a high speed rotation cutter. The crude protein analysis was performed according to ISO 1442/1973 method of Kjeldahl (estimation of the total nitrogen), using K-375 KjelMasters System and Scruber K-415 Butchi Laborteknik AG Switzerland. The crude fat was analysed using the Soxhlet's system (extraction with petroleum ether) using E461 Butchi Laborteknik AG Switzerland. Dry matter was analysed using the laboratory drier at the 103 • C ± 2 • C (Memert, GmbH & Co., Düren, Germany). Using the oven Nabertherm, series L (Nabertherm GmbH, Lilienthal, Germany), the crude ash was estimated with the method ISO 936:2000 at the temperature 550 • C ± 25 • C.
Hematin was determined colorimetrically using the method of Hornsey (1956) [21] and converted to heme-Fe using the formula:
heme-Fe = hematin × atomic weight Fe/molecular weight hematin.
Carnosine and anserine concentration were determined by high performance liquid chromatography (HPLC) using the method of Kobe, Ishihara, Takano, & Kitami (2011) [22] . One gram of ground dry meat was weighed and extracted in a 0.01 M phosphate buffer at pH 7.4. After homogenization, 2.0 mL of mixture was collected. To each sample, 1.0 mL of acetonitrile was added, mixed, kept overnight at 4 • C, and centrifuged at 3000 rpm for 10 min. The supernatant was then filtered over a cellulose syringe filter of 0.20 µm and transferred to a vial. The HPLC system used was an Agilent Technologies 1200 Series (2006, Santa Clara, CA, USA) coupled to a diode-array detector (DAD). Twenty µl of sample was injected and dipeptides were determined by isocratic separation at a flow rate of 1.2 mL/min at 30 • C for 26 min. Detection was by means of UV absorption at 210 nm. Carnosine was eluted at a RT (rotation time) of 16 min, followed by anserine (RT~21 min). Concentration determination was carried out by comparing with standard solutions of both anserine and carnosine with known concentrations between 0.02 and 0.10 mg/mL.
For fatty acid analysis, lipids were extracted in duplicate from 2 g meat samples by means of a modification of the chloroform/methanol (2/1; v/v) method of Folch, Lees, & Sloane-Stanley (1957) [23] . After methylation of the fatty acids with NaOH/MeOH followed by HCl/MeOH, the fatty acid methyl esters (FAME) were analysed by gas-liquid chromatography (HP 6890) using a CP Sil88 column for FAME (100 m × 250 mm × 0.25 µm) (Chrompack, Middelburg, The Netherlands). The GC conditions were: injector: 250 • C; detector: 280 • C; H 2 as carrier gas; temperature program: 150 • C for 2 min, followed by an increase of 1. 
Statistical Analysis
A generalised linear mixed model analysis was performed on all measured parameters, including "species", "additive", and their interaction as fixed factors. The validity of the models was tested by using Akaike's information criterion. PROC GLIMMIX of SAS v 9.3 (SAS Institute Inc., Cary, NC, USA) including the Tukey adjustment option was used to conduct the analysis. The least square means for all significant effects in the models (p ≤ 0.05) were computed using the LSMEANS option. The trend of a significant effect was considered for p < 0.10.
Results and Discussion
Chemical Composition
The chemical composition and heme iron content of the dried ostrich, beef, and chicken meat are presented in the Table 1 . There was no effect of the interaction between species and additives applied on the dry matter content. Dry matter content was highest in ostrich jerky meat compared to beef and chicken (Table 1) . Despite the differences in dry matter content between the three species in the current study, the jerky meat was characterized by the optimal water content for dried meat products (below 15%) [15, 24] , protecting the meat from quality deterioration over storage time [25] . Dry matter was highest in the salted jerkies compared to those spiced, an expected result since salt is known to dehydrate the meat tissue in dried products [26] . The protein content in jerky meat was affected by a species additive interaction (Table 1) , where the highest levels were observed in natural and salty ostrich, as well as salty chicken jerky meat, whereas the lowest was measured in natural and spicy beef. Natural and salty ostrich jerky meat was also characterized by the highest dry matter content. Comparable protein contents ranging from 20 to 22% has been reported in raw ostrich meat [10] , raw beef [27] , and raw chicken [6, 28] .
Overall, the lowest fat content was observed in ostrich jerky-four times lower than compared to beef and half of that in chicken ( Table 1 ). The fat content in jerkies differed in beef and chicken depending on the applied additive, while additive had no effect in ostrich meat. Previously, ostrich raw meat was reported to have lower fat (1.2%) content than beef (4.5%) [29] and chicken meat (3.0%) [30] . The lower fat content of dried ostrich meat compared to beef and chicken jerkies indicates it to be of a high nutritiveand low caloric value.
Meat is a valuable source of heme iron in the human diet [31, 32] . Overall, the ostrich meat jerky (8.6 mg/kg) was twice as rich in heme iron as beef and twenty times as chicken jerky ( Table 1 ). The concentrations of heme iron in the current study were dependent on species by additive interaction ( Table 1 ). Addition of salt followed by spices significantly decreased the heme iron content in ostrich dried meat down to 18%, since the weight of the spices was included in the total weight of the product. Previously, ostrich, beef, and horse raw meat were reported to contain high concentrations of iron and heme iron [19, 33] , while after applying high temperature, levels of iron and heme iron remained on a similar level in the ostrich meat, while decreasing by up to twenty percent in beef, lamb, and pork [34] . High temperatures also reduced the iron bioavailability [35] . Therefore, it is crucial to apply appropriate temperatures during meat processing [33] ; it should not be higher than 55 • C [36] , to avoid myoglobin denaturation. In the current study, an applied temperature of 50 • C provided optimal stability for the technology of the production of the dried snacks made of the three types of the meat: Ostrich, beef and chicken (P. P.414678) [20] . Furthermore, the applied drying procedure provided slow evaporation of the moisture from the meat slices, as well as equalization of humidity levels of meat slices with dried spices and proper bonding of the dried slices with the spices. 
Carnosine and Anserine Content
The concentrations of the biologically active peptides-carnosine and anserine differed between beef, chicken, and ostrich dry meat samples, but not according to applied additives (Table 1) . Ostrich meat proved to be very rich in anserine (16.8 ± 0.701 mg/g) as compared to the other meats, especially beef (2 ± 0.103 mg/g), on the other hand, beef had the highest carnosine content ( Table 1 ). The addition of the spices significantly decreased both the content of carnosine, as well as anserine in all meat types. The carnosine and anserine present in the human body originates from endogenous and exogenous sources.
Fatty Acid Profile
The content of saturated fatty acids (SFA) C16:0 and C18:0 in dried jerky meat differed significantly depending on the species and applied additive ( Table 2 ). The total amount of SFA was lowest in the ostrich jerky, significantly so, and highest in beef meat.
The levels of individual monounsaturated fatty acid (MUFA) ( Table 3) were influenced by species (all FA), additives (C20:1) and the interaction between those factors (C16:1, C18:1c9 and C18:1c11) ( Table 3 ). The highest levels of C16:1 were found in ostrich meat, while the lowest was found in chicken meat. Due to the particularities of the rumen activity leading to emergence of oleic acid [37] , the highest levels of C18:1c9 were found in beef; nearly double as high as in poultry meat, both in the raw or dried form. Due to lower levels of oleic acid (C18:1) in monogastric animals and birds, the total amount of monounsaturated fatty acids (MUFAS) was also lower in those species.
Fatty acids belonging to the n-3 group are known to have very beneficial properties for human health. Interactions between species and applied additive were found on the levels of α-linolenic acid (ALA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA). There was also a significant effect of the species on all n-3 FAs determined in the dried jerky meat ( Table 4 ). The applied additive affected the levels of the EPA and DHA. Dried beef meat contained half the ALA as compared to chicken (Table 4) . Importantly, from the human health perspective, the n-3 FA EPA, DPA and DHA differed significantly between species. The highest concentration of all three FAs was found in ostrich dried jerky meat ( Table 4 ). The DHA content in ostrich meat was many times higher than in beef, and twice as high as in the chicken meat. DHA plays an important role in the brain development and functioning [38, 39] . Furthermore, EPA was five-fold lower in beef, and three-fold lower in chicken dried meat as compared to ostrich. The same tendency was recorded in the case of DHA (22:6) and EPA (20:5) n3 PUFA, which were reported higher in ostrich meat as compared to beef and chicken meat [19] .
Higher concentrations of the long chain n-3 PUFA (C:20-C:22) in dried ostrich meat resulted in the highest sum of n-3 PUFA in this meat (Table 4) . Three-times lower n-3 PUFA levels were observed in beef, while half the n-3 PUFA were observed in chicken. Atherogenic index (AI) and thrombogenic index (TI) are based on the FA profile and indicate the risk of atherosclerosis and thrombotic diseases emergence related to consumption of food products characterised by them. In dried jerky ostrich and chicken meat, these indexes were on a very low level compared to beef meat (Table 5) , as has been confirmed by previous studies on raw meat [40] .
The levels of n-6 and n-3 FAs were influenced by the interaction between species and additive for the C18:2, C20:2, C20:3, C20:4 and C22:4 (Tables 4 and 6 ). The highest concentration of C18:2 was recorded in dried chicken meat. This is in agreement with the research conducted by reference [6] . In turn, reference [7] compared the fatty acid profile as influenced by ostrich subspecies and they did not report significant differences among FA profile among these subspecies.
Ostrich meat contained half of the amount found in chicken, whilst that in dry beef was nearly ten times lower. It can be speculated that in ostrich, C18:2 converts to arachidonic acid (C20:4), since the level of C20:4 was much higher than observed in chicken meat, as has been shown by previous results [41] . The n-6/n-3 ratio, also referred to as fat quality, should be around 1:1 to 4:1 [42] . In this study, ostrich meat showed significantly better proportions of n-6/n-3 as compared to chicken meat. Although beef was characterised to have an optimal n-6/n-3 ratio, it contained only trace amounts of the n-3 and n-6 FAs. In the study carried out by reference [11] , dietary linseed treatment influenced and improved the n-6/n-3 ratio by lowering the value from to 6:1 to 3:1. The high PUFA:SFA is an important meat parameter for human health [43] . It is especially important when evaluating risks for coronary heart disease and methods of its prevention. In the current study, the more favorable proportion of PUFA:SFA was identified in ostrich and chicken meat, 0.79 and 0.83, respectively, while in beef it was only 0.09. It should be noted though that the increase in PUFA levels may cause oxidation processes in cases where there is a lack of sufficient antioxidants presence.
Therefore, it is justified to apply additives (herbs and spices) that not only help to improve the taste, but also aid to decrease oxidative processes, especially in products such as jerky with a long shelf life. The ostrich and chicken meat have shown especially high PUFA contents (Table 5) , therefore to protect it from deterioration of the quality due to oxidation during storage, it is advisable to use additives.
Conclusions
Meat snacks made from ostrich, beef, and chicken meat are characterized by high concentration of nutrients including proteins, minerals (heme iron especially in ostrich, than in beef), biologically active peptides (carnosine-in beef, anserine-in ostrich then in chicken meat) and PUFA fatty acids (ostrich and chicken meat). The human health beneficial n-3 fatty acids levels differed significantly between species, being highest in ostrich jerky. The more favorable proportion of PUFA:SFA was identified in ostrich and chicken meat. Moreover, the atherogenic index (AI) and thrombogenic index (TI) based on the FA profile in dried jerky ostrich and chicken meat, were at a very low level, which is what is important from the consumers/human health point of view. Although these meat snacks were shown to provide plenty of biologically valuable nutrients and to have dietetic properties, further study concerning the consumers' sensory evaluation and testing preferences for these products made from three types of meat is necessary.
